Abstract Static parameters of the deuteron, obtained by the wave functions for various potential models, have been chronologically systematized. The presence or absence of knots near the origin of coordinates for the radial wave function of the deuteron have been shown. Analytical forms for the deuteron wave function in coordinate space have been reviewed. Both analytical forms and parameterizations of the deuteron wave function, which are necessary for further calculations of the characteristics of the processes involving the deuteron, have been provided. In addition, the asymptotic behaviors of deuteron wave function near the origin of coordinates and for large values of distance have been analyzed in the paper. Minimization of the number of numerically calculated coefficients for new analytical forms as a product of exponential function r n by the sum of the exponential terms A i *exp(-a i * r 3 ) have been done. The optimum is N =7-10.
Introduction
Deuteron is the most elementary nucleus. He consists of the two strongly interacting elementary particles: a proton and a neutron. The simplicity and evidentness of the deuteron's structure makes it a convenient laboratory for studying and modeling nucleon-nucleon forces. Now, deuteron has been well investigated both experimentally and theoretically.
The experimentally determined values of static properties of the deuteron are in very much good agreement with the experimental data. Owever despite that, there still are some theoretical inconsistencies and problems. For example, in latest papers one (for OBE [1] , Bonn [2] potentials) or both (for Soft core Reid68 [3] , Moscow [4] , renormalized OPE and TPE chiral [5] potentials) components of the radial wave function in coordinate space have knots near the origin of the coordinates. The existence of knots in the wave functions of the basic and sole state of the deuteron is the evidence of inconsistencies and inaccuracies in implementation of numerical algorithms in solving similar problems. Or it is connected with features of potential models for the description of a deuteron. The way the choice of numerical algorithms influences the solution is shown in Refs. [6, 7, 8] . The knots of the wave function in coordinate representation are analyzed in more detail in the following sections of the article.
Besides, it should be noted that the deuteron wave function in momentum space in the scientific literature is presented ambiguously. In particular, in the S-component [9, 10, 11, 12] (or in S-and D-components [13, 14] ), there is an excess knot in the middle of interval for values of momentum.
It should also be noted that such potentials of the nucleon-nucleon interaction as Bonn [2] , Moscow [4] ), Nijmegen group potentials (NijmI, NijmII, Nijm93 [15, 16] ), Argonne v18 [17] , Paris [18] , NLO, NNLO and N3LO [19] , Idaho N3LO [138] or Oxford potential [20] have quite a complicated structure and cumbersome representation. Example, the original potential Reid68 was parameterized on the basis of the phase analysis by Nijmegen group and was called as updated regularized version -Reid93. The parametrization was done for 50 parameters of the potential, where value χ 2 /N data =1.03 [15, 16] .
Besides, the deuteron wave function (DWF) in coordinate space can be presented as a table: through respective arrays of values of radial wave functions. It is sometimes quite difficult and inconvenient to operate with such arrays of numbers during numerical calculations. And the program code for numerical calculations is bulky, overloaded and unreadable. Therefore, it is feasible to obtain simpler and comfortabler analytical forms of DWF representation. It is further possible on the basis to calculate the form factors and tensor polarization, characterizing the deuteron structure.
DWFs in a convenient form are necessary for use in calculations of polarization characteristics of the deuteron, as well as to evaluate the theoretical values of spin observables in dp scattering [21] .
In addition to introduction, the first section and conclusions, the article is composed of six more sections. The second section deals with the deuteron wave function: main peculiarities and scientific interest in its studying. The
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third section describes the basic properties of the deuteron. The numerical values of theoretical calculation results and experimental data are presented in convenient tables. The fourth and the fifth sections provide a description of basic analytical forms of DWF in the coordinate representation. The sixth section describes the "improved" analytical forms of DWF. The seventh section suggests new analytical forms of DWF used in modern scientific literature. Coefficients for new analytical forms in the form r n *A i *exp(-a i * r 3 ) have been calculated.
The main objectives of the research in this paper are to systematize the analytical forms of DWF in the coordinate representation, calculate and analyze the coefficients for new analytical forms.
Deuteron wave function
Wave function describes quant-mechanical system and is the basic characteristic of microobjects. Knowledge of deuteron wave function allows receiving the maximal information on system and theoretically to calculate the characteristics measured on experiment. Deuteron wave function find as the decision of system of coupled Schrodinger equations.
Deuteron wave functions write down as the sum of wave functions for 3 S 1 -and 3 D 1 -state [22] Ψ d = ψ S + ψ D = u(r) r Y 
where u(r) and w(r) are radial deuteron wave functions for states with the orbital moments l=0 and 2; Y M JLS (θ, φ) are spherical harmonics, that are determined by orbital moment L, spin S, the full moment J = L + S and his projection M to an axis z. For deuteron: S=1; J = M = S=1.
The condition of normalization for DWF Ψ d can be written down as
where p S and p D are probabilities to find out deuteron in S-and D-state accordingly. Taking into account spherical harmonics, it is possible to write down system of the coupled differential equations of the second order for deuteron
Here U 1 , U 2 are normalized potentials of channels l = 0; 2; U 3 are tensor component NN-interaction; U i (r) = 2μ h 2 V i (r); k 2 = 2μ h 2 E is wave number. About the beginning of coordinates wave function D-state w(r) has small value, because the repellent centrifugal barrierh 2 l(l+1) mr 2 will prevail on small distances. Outside of radius for action of forces the behaviour for w(r) also is determined by this barrier which sets asymptotic as [23] :
w(r) ∼ C exp (−γr) 1 + 3 γr + 3 (γr)
2 .
In paper [24] it was specified that one can divide the main models into four categories: 1) the models based on quantum chromo dynamics; 2) the effective field theory is another outstanding approach to NN problem; 3) the boson exchange models; 4) the almost pure phenomenological NN potentials. Last decades the second and fourth groups of potentials are more often and are more intensively used for the description of properties for deuteron and character of his interaction with easy nucleus.
On Fig. 1 is shown interest of researchers to deuteron and to its properties according to the quoted literature in this article. Obvious not fading interest. It is connected first of all to studying those processes and interactions where the direct participant is deuteron. And knowledge its DWF is necessary for a substantiation and an explanation of corresponding models. Thus it is necessary to interpret the received experimental data, in particular tensor polarization. 
the D-state probability P D
the triplet effective range ρ. In a formula for µ d size µ s = µ n + µ p is the sum of the magnetic moments of a neutron and proton. Value of the calculated magnetic moment of a deuteron is given in nuclear magnetons µ N .
Values of these static properties for deuteron that were designed for different potential models or wave functions of a various origin are resulted in Table 1 . Knots for radial DWFs u(r) and w(r) are designated as r u and r w . Table 1 . Deuteron properties
Ref. [10, 140] of static properties for deuteron it is specified in Table 2 . (4) [10] According to the General mathematical theorem on the number of knots of eigenfunctions of boundary value problems [141] the function describing the ground state of the particle becomes zero only at the ends of the interval, and inside it she knots will have.
In paper [118] S.B.Dubovichenko considering the possibility of the existence of knots VFD. If we consider the deuteron as a six-quark system, in accordance with a generalized Levinson theorem [142, 143] triplet S phase scattering starts with 360 o and singlet with 180 o up 220 o . In the D wave, there is a single bound state is enabled, which, together with the S wave determines the ground state of the deuteron.
Therefore, the availability of knots due to the numerical calculations or used potential model.
Analytical forms of DWF in the years 1939-1969
When describing DWF in the coordinate representation using terms such as "analytical shape (form)", its "approximation" or "parameterization". Familiar in the first place, the term "analytical form" is used as the obtained solution of a system of coupled equations. Later in the works is a expression used to refer to records HFD resulting approximation.
Analytical forms of deuteron wave function are provided with use according to the designations specified in the quoted literature.
The work written by Flugge [144] in 1939 was one of the first works on research of a deuteron and its quadruple moment. For calculations such deuteron functions for S-and D-states were used
where a=1.3 and α=1.34. H.A. Bethe [25] was one of the first considered the deuteron is a mixture of 3 S 1 and 3 D 1 state. Then the complete wave function is
where F JLM are the angular functions; χ and φ are the radial wave functions of the S and D component. The radial deuteron wave functions satisfy the two coupled differential equations
where
The potential was be cut off at small distances, therefore we consider the two alternatives: 1) Zero cut-off (r < r 0 )
2) Straight cut-off (r < r 0 )
The outside solution is pairs
2ε F (r) ;
where G(r) = −e −εr Ei (−r) + e εr Ei (−r(1 + 2ε)) , F (r) = −e −εr Ei (−r)
The inside solution is next pairs
where z = B 0 r;
W. Rarita and J. Schwinger obtain the following differential equations for the 3 S 1 and 3 D 1 radial deuteron wave functions [26] 
Outside the range of interaction these coupled equations are readily integrable. The result of such decisions
17MeV. At distances less than r 0 the differential equations for the ground state wave function will be written in the following form
Here introduced the next notation
The procedure adopted was the expansion for deuteron wave functions u(r) and w(r) in infinite power series
The constants A n , B n , C n , D n satisfy the recursion formulas
The criterion for continuity of the logarithmic derivatives of function u(r) and w(r) gives two simple equations
, which suffice to amply determine B 0 /A 0 and V 0 for a given choice of parameters r 0 and γ.
The constants A and B may be derived from the known normalization condition:
The final set of constants was calculated as V 0 / |E 0 | = 6.4; γ=0.775; r 0 =2.8*10 −13 cm. Inside the range interaction a general expansion for DWF is [145] 
where u i and w j are the modes in terms of Bessel functions of order one-half or five-halves. The wave-lengths (κ i and λ j ) of these modes are determined by the continuity of the logarithmic derivative.
Also different set of modes for the radial functions were taken as an exponential times a power series for the interparticle distance:
The parameters λ and µ for radial DWF are practically fixed by minimizing the energy. In Ref. [146] it is investigated the radial dependence of the tensor force in the Deuteron. The find the solutions of coupled Schrodinger equations for DWF with methods are similar to the ones used by Rarita and Schwinger. Such ranges and them regions are considered.
A. Range of tensor force equal to range of ordinary force: ε=1. For region I r 0 ≥ r ≥ 0 were received solutions
For region II ∞ ≥ r ≥ r 0 solutions is
B. Range of tensor force less than range of ordinary force: ε¡1.
For region II r 0 ≥ r ≥ εr 0 solutions u = A sin(κr) + C cos(κr), w = B sin(κr) + For region III ∞ ≥ r ≥ r 0 solutions is the same as (4). C. Range of tensor force greater than range of ordinary force: ε¿1. For region I r 0 ≥ r ≥ 0 solutions is the same as (3). For region II εr 0 ≥ r ≥ r 0 solutions
Pairs of the equations for these areas are specified in work [146] . The series coefficients satisfy the recurrence formulas:
(n + 1)(n + 2)A n+2 + (2n + 3)C n+2 + aA n + cB n = 0, (n + 1)(n + 2)C n+2 + aC n + cD n = 0, (n − 1)(n + 4)B n+2 + (2n + 3)D n+2 + bB n + cA n = 0, (n − 1)(n + 4)D n+2 + bD n + cC n = 0.
Here it is used following abbreviations
At the outside of potentials NN interaction u(x) and w(x) have following form [27] u(r) = N exp(−r/ξ); w(r) = N exp(−r/ξ) 3(ξ/r) 2 + 3(ξ/r) + 1 , where constant ξ is determined from the binding energy of deuteron. The coupled equations (2) have two independent solutions, which satisfy the boundary its conditions and are denoted by ψ 1 = (u 1 , w 1 ), ψ 2 = (u 2 , w 2 ). Any solution of (2) is given by
For core radius r 0
and a is given by α = −
where A, B, C, a, b, c are some integrals quadratic of wave functions
The assumed potentials confine the physical value X to some limited region. For example, numerical results are given below with V C =-500MeV; V T =-500 or 300MeV.
In the method for the solution of the deuteron problem and its application to a regular potential were applied such sets trial functions [28] u = are −µr , w = bre −µr , u = ar 2 e −µr , w = br 3 e −µr . ψ 10 ; ψ 3i are Laguerre functions. A nucleon-nucleon potential which is a well-defined static limit of a phenomenological covariant interaction is suggested in paper [31] . For this model have used a variational wave function with the correct behavior at the origin and at infinity:
where α=5 and N =0.1 are the approximate values of the variational parameters.
For normalization ∞ 0 u 2 (r) + w 2 (r) dr = 1 of pion-theoretical deuteron function its record will be as analytical expression [30] u(r) = 1.039 exp −0.32r −1.392 −2.360r ; w(r) = 0.02624 1 + 
In [32] are desirable to approximate the Gartenhaus wave function from the cut-off meson theory [29] by an analytic expression. They can be usefully in the various integrals for calculates phenomena involving the deuteron. Three such approximations of varying degrees of accuracy are specified further. Approximation 1. The best Hulthen type wave function defined by the such form u(r) = C e −αr − e −βr . The received values of these parameters: C=1.85 or 1.91; α=0.232; β=1.202. Approximation 2 and 3. Next even better approximation only as sum of exponential functions has the forms u(r) = C 1 − e −1.59r e −0.232r − e −1.59r , C 1 − e −2.5r 1 − e −1.59r e −0.232r − e −1.90r .
Its parameters
A good approximation to the D function using only exponential functions is the following: 
(pr) pr p 3 dp.
In work [148] are investigated the elastic scattering of high energy neutron by deuteron, using DWFs calculated making use of the meson theoretical potential:
1) The DWF with the hard core:
Here N 2 = αβ(α+β)
2) The DWF without the hard core:
For the deuteron state in work [35] was considered the pion-theoretical wave function given in [30] . Thus
The plane wave approximation is the conventional form for purpose:
Here The wave function and them parameters reproduce result of calculations for the deuteron parameters: P D =7%, Q =2.6·10 In paper [149] the deuteron wave-functions used are of the Hulthen-Sugawara type [150] 
where For the Schrodinger equations for the deuteron radial wave functions are look for a solution of this equation having the following form [38] u
For the deuteron wave function in both S and D states is constructed following Martin's method. He allows to written down the analytical solutions as u(r) = Ae −κr 1 + 
. In a Martin's method it was considered that
are solutions of modified equations Schrodinger
Are considered the "inner" part of the interaction in the wave functions themselves by adding two terms for the two-pion exchange and the repulsive nucleon core. For couple of functions u(r) and w(r) by solutions will be the following form as (it dearly fixes the normalization of the functions): u(r) = e −κr 1 + where H, γ i , ξ i are parameters to be fixed. This representation for DWFs with tensor forces. In paper [151] was assumed that the true wave function is a sum of the "outer" part found from the welt-known OPE potential, and an "inner" part. The "outer" part more slowly than "inner" part vanishes exponentially with an exponent between one and two pion masses. Bialkowski [38] have proposed the wave function of the form u(r) = u outer + u inner , w(r) = w outer + w inner , u outer = Ae −κr 1 + Except these forms, are also such forms for "inner" part DWF [151] as
w inner = Ae −κr γ 3 e −ξ 3 r − γ 4 e −ξ 2 r .
In the work [41] authors have approximated the coordinate space wave functions by a sum of exponentials or Hankel functions. The deuteron S state can then be viewed as an extension of the known Hulthen wave function. The wave functions in coordinate space have the form u(r) = N e −αr + n j=1 C j e −ε j r , w(r) = ρN αrh 2 (iαr) +
where h 2 is the spherical Hankel function xh 2 (ix) = e −x 1 + 3/x + 3/x 2 ; α = √ M ε is given by the deuteron binding energy ε. Fitted pole positions and residues are denoted by ε j , C j . Coefficient N is normalization for wave function in terms of the deuteron effective range ρ
.
The calculated values of parameters were provided as α=0.2338fm −1 ; N =0.8896fm −1/2 ; ρ=0.0269. The deuteron wave function may be expanded [43] in the complete set of relative oscillator functions φ nl (s=1; j=1; l=0 or 2)
where [152] :
Analytical forms of DWF in the years 1970-1999
Yamaguchi's separable tensor potential generates a deuteron wave function in momentum space. Fourier transformation produces wave function in coordinate space [153] u(r) = e −αr − e −βr , w(r) = η 1 +
where the asymptotic ratio of D to S wave
Function w(r) is proportional to r 2 :
Using function u(r) and w(r) it is possible to find the central potential V C (r) and the tensor potential V T (r). For this reason Burnap et all. solve the coupled equations for radial DWF. In the result is written down the local potentials corresponding to Yamaguchi's form factors as
Parameters β, γ, t are definite in [153] , thus α=0.2316fm −1 . Humberston and Wallace offered some series of analytic approximations [46] to the deuteron wave function for Hamada-Johnston potential. The solution for coupled equations for the radial components DWF must satisfy the boundary conditions u(x 0 ) = 0, u(x) ≈ e −κr , w(x 0 ) = 0, w(x) ≈ e −κr 1 + 
Here U j (r) is components a nucleon-nucleon potential. Forms of analytic approximations to the solution of coupled equations were obtained for the modified and unmodified Hamada-Johnston potentials. It was applied the Rayleigh-Ritz variational method to the deuteron binding energy. The trial function for the deuteron as
. . ,N ) are variational parameters. DWFs for Reid soft-core potential are selected according to [50] : (a) particular Haftel-Tabakin cases [154] :
(b) "fixed-range" cases:
where p = 1 − r/e. Appropriate parameters and properties of the unitary transformations are presented as UT8, 13, 18, 22, 23 for case (a) and UT101, 102, 103 for case (b).
The resulting form of the separable potentials [53] is
where DWF in momentum space To determine the unitary pole approximations for a concrete potential model, in [54] are done calculations the two-nucleon bound state wave functions in momentum space. The partial wave Schrodinger equation appropriate to S-and D-state it is written down as
where 
Here a j (j=1,N ) are predetermined ranges chosen between 0.7 and 20.0 fm. This approximation was applied for the group potentials of different types: hard core (Reid hard core [3] , Hamada-Johnston [37] , Yale [155] ), soft core (Reid soft core and Alternate Reid soft core [3] ), super soft core (Tourreil-Sprung A, B and C [49] ) and velocity dependent (Bryan-Scott, Bryan-Gersten, Stagat [47] , Riewe, and Green, Ueda-Green II).
In work [55] is submitted Baker transformation as The normalization constant N in terms of the effective range as
Wave function for D-state choose explicitly as
Multiplication is considered the asymptotic by an interpolating factor. Formulas for calculation of values of the D-state percentage and for the quadrupole moment will be respectively
The calculated values of parameters: τ =1.09fm −1 ; η=0.025 for P =7% and τ =0.83fm −1 ; η=0.029 for P =4%. In [66] DWF modelled on that of the Reid soft-core potential (RSCP) outside 1.5λ π :
where λ π is the pion Compton wavelength. In radial wave functions five of the coefficients a Li are determined by: 1) continuity of DWF together with its first and second derivatives of the RSCP at 1.5λ π ; 2) u(0)=0; w(0)=0; 3) adjusting a D-state percentage (4.5-6.5%) and the overall normalization as 1.
In Refs. [67] and [70] it is considered electron-deuteron tensor polarization and the short range behavior of the deuteron wave function. Interactions for twelve classes varying in the core region obtained using form factor for the unitary transformation
where R=0.7fm; α=2.1. The constant C is determined by the normalization condition. At a choice α¿2 from that the transformed DWF will be continuous and continuous it first and second derivatives at R. Calculations are compared for super soft-core (SSC) potential [49] . The tensor polarization for the recoil deuterons in ed scattering are calculated as
Its values in the range 0.625-0.668. Lomon-Feshbach, Holinde-Machleidt and four-component relativistic models were used for research elastic electrondeuteron scattering at high energy [72] .
In coordinate space expansion in Hulthen functions of different range is presented as
If we calculate the nth moment of the coefficients as
then the reduced wave function u(r) will go like r n at the origin. The normalized solutions of the Schrddinger equation select in [156] as
The experimental values of deuteron observables severely restrict values of η. For placing upper and lower bounds for η it is used Schwarz's inequality
The condition for the existence of a solution is
Valuep D it is determined with a condition as
In paper [74] were presented DWFs from Yamaguchi type form factors with 4% or 7% deuteron D-state probability (designations YY4 and YY7). Also are obtain a new set T4D-1 (T4D-2) which has the rank-1 (rank-2) separable potential with the first (second) form factor of T4D.
It should be noted that the most popular, the quoted and used parametrization of DWF are the analytical forms offered by the Paris group. Known numerical values of radial DWF in coordinate representation for the Paris potential can be approximated by means of convenient decompositions [157] in an such form:
The asymptotics behavior of the deuteron wave functions for large values of r → ∞ are
The last coefficients of an analytical form were determined by formulas
and taking into account conditions
The accuracy of parametrization is characterized by the values
Model radial DWF [85] according to parametrization (5) [157] are constructed to facilitate the exploration of dependencies on the percentage D state and on the small-, medium-, and large-distance parts of DWF. Parametrization [157] was also used for approximation of DWF received for the following potentials: of the (energy-dependent) full model and from the (energy-independent) relativistic momentum space OBEPQ [87] , OBEP model A, B, C [91] , OBEPR, OBEPR(A) and OBEPR(B) [104] an N =11.
Theoretical values for the central and tensor components of the polarizability are presented in Ref. [158] . The are sums of bilinear combinations of integrals of the form
where f J and u L is the radial wave function of the P wave continuum and deuteron respectively. The presence of the r 3 factor strongly suggests that the long range area of ground state DWF u(r) 2 will be of value in determining the I(J; L), and hence the calculated polarizability. Further is investigated the extent to which α and r are in fact determined by A S and η.
DWF [159] must belong to the area of the Hilbert space orthogonal to the trivial solution. therefore the orthogonalization is straightforward for the Paris wave function u(r) and w(r)
Here b is the oscillator width parameters; constant C equal to the product u |Φ 0 ; Φ 0 (r) is the eigenfunction of the norm kernel calculated in oscillator basis
The modified DWF takes the form u(r) = Au(R) 1 3 sin αΦ 0 (r)− ; r ≤ R;
where R is certain radius, when for r¡R the wave function is determined by six quarks dynamics; Φ 0 (r) and Φ 2 (r) are the oscillator wave functions for the ground state and the level with two excitation quanta. The ratio between them is such
In paper [160] a method has been obtained which determines as whether or not the long-range part for potential model of a two-body is consistent with measured deuteron properties and independent of the short-range behaviour. For the determination outer part of the deuteron wave function was to construct two independent solutions of the coupled Schrodinger equations u 1 w 1 and u 2 w 2 in the region r ≥ R. Further are used the asymptotic boundary conditions as
where x = αr, xk 2 (x) = e =x 1 + 3/x + 3/x 2 . The first solution corresponds to η = η 0 and for other solution η take a linear combination:
In [161] is specified fit the electromagnetic form factors of the deuteron on the basis of nonrelativistic wave functions
where xh 2 (ix) = 1 + 3/x + 3/x 2 exp(−x). Asymptotics at r → 0 for the S and D state will be as u(r) = ror
w(r) = r 3 or
For separable potentials with and without tensor force are presented calculation of deuteron form factors [78] , which are expressed through radial DWF in configuration space. The expressions Mehdi-Gupta parametrization for the radial DWF are:
,
Coefficients A and B for shape-1:
and for shape-2:
The two-body parameters represented as ratios β/α and γ/α. The D-state probability P D is given by
The following parameterization of DWF for realistic superdeep local NN-potential (Moscow) was written down as gaussian expansions [80] 
In [82] 
Calculated value were P QCB =0.9%; P 6q =17%. The general expression for the deuteron wave function in the QCB model it will be written down as
where N is the normalization factor, u ext l are DWF derived from the external potential, and u
l are the two linear independent solutions of Schrodinger equation in the inner region. The constants b 1 and b 2 are defined from the atching condition of the internal and external wave functions at r = b. Thus are established the upper limit on 1.2fm≤ b ≤1.6fm (P QCB ≤1%).
In [90] are consider a more general case for [150] and [65] by including additional terms as such follows
where α=0,2315370 fm −1 ; τ =5α; σ=1,09 fm −1 ; η=0,025; k 2 (αr) -terms of the spherical Bessel function:
Also in [90] are calculate the simplest phenomenological realistic deuteron wave function given by [41] and [32] u(r) = A S (1 − e −τ r )e −αr , u(r) = ηA S (1 − e −σr ) 5 e −αr 1 + Values are obtained for the parameters η, τ , σ, when the indicated values of A S and r d are used as input. In [94] present a quark compound bag (QCB) parameterization in r-space. Details of this parameterization are given in ref. [82] . In terms of S-and D-waves (respectively l=0;2) one has
where N is the normalization factor; u ext (r) are the DWF derived from the assumed external potential; u ext (r) may be parameterized in terms of Yukawa functions
In [94] are present the QCB model parameters for b=1.2 and 1.35 fm that were selected as representative solutions. In Ref. [162] are used in calculations the DWF in the Hulthen form
where α=0.23fm −1 ; β=1.61fm −1 . It is necessary for receiving the deuteron formation rate
It is also possible to remember also the parameterization of function received for Moscow NN model [97] (N =24)
6. "Improved" analytical forms of DWF In some papers the above table of values and coefficients for the parameterization (5) [157] and calculated for him DWF. It is about papers [85] , [87] , [91] , where there are, although not insignificant, the obvious knots to DWF near the origin! In addition, there is an obvious failure to comply with mandatory conditions for the summation of the coefficients
In the comparative Table 3 shows the results of the summation of the coefficients of these works. For my numerical calculations the resulting coefficients are shown Table 4 . The following is the corresponding Fig. 2 where there are knots for WDF. 
This parametrization was used [118] for Nijmegen potentials groups (NijmI, NijmII, Nijm93 and Reid93). Thus value N =13.
For explanation D-state of deuteron and correct asymptotic behavior are received nonrelativistic deuteron wave function [121] :
where α i , β i , C i , D i , N , ρ are the real model parameters; n u = n w = 3. The form of asymptotics in the limit r → 0 was assumed as: u(r) → r 2 ; w(r) → r 3 . The set of parameters has to meet conditions
In the limit r → ∞ the deuteron wave functions must have such known asymptotic form u(r) → e −αr ; w(r) → e −αr 1 +
where α = √ M ε/h = 0.2316fm −1 ; ε=2.2245MeV is the deuteron binding energy. Then after the application of the condition of equations (10) to the deuteron wave functions in forms (9) leads to the relations for model parameters α 1 = β 1 = α and .
The charge and quadrupole deuteron form factors and the structure function are defined by values of parameters In [130] are specified results of calculations for the deuteron quadrupole momentum Q by using experimental phase shifts for partial-wave analysis of GWU (George Washington University) [169] and Nijmegen [170] . Also the deuteron parameters (deuteron quadrupole moment Q, the deuteron asymptotic D/S and the deuteron asymptotic normalization constant A S ) and correlation between them for the group potentials is studied. This dependence is represent in the form Q/η = a + bA 2 S , where a=3.92464fm 2 ; b=8.71829fm 3 . Influence of the D-state component of DWF [65] on the application of the Trojan horse method it was shown in [132] .
Parametrization formulas in a form according to [157] are applied approximations of DWF for potential chargedependent Bonn (CD-Bonn) [2] , model FSS2 with the Coulomb exchange kernel [9] , and calculated in three different schemes (isospin basis and particle basis with Coulomb off or Coulomb on) and fss2 baryon-baryon interaction [12] atN =11, and also for MT model [124] when N S =16; N D =12.
Parametrization Dubovichenko [118] is improved in works [171, 172, 173, 174] . Minimization of values χ 2 is carried out 10 −4 . Using deuteron wave functions in coordinate and space representations, are designed a component of a tensor of sensitivity polarization of deuterons T 20 [175] polarization transmission K 0 , tensor analyzing power A yy and tensor-tensor transmission of polarization K y [176] . The obtained outcomes are compared to the published experimental and theoretical outcomes For deuteron wave function in configuration representation for potential Argonne v18 are designed numerical coefficients of analytical forms [177] 
The coefficients of the four approximating dependencies for the numerical values of DWFs for four realistic phenomenological potentials Nijmegen group have been numerically calculated. The analytical forms are chosen as the product of the power function r n for the sum of exponential terms [178] :
The behavior of the value χ 2 depending on the number of expansion terms N i has been studied. With the account of the minimum values of χ 2 for these forms we have built DWFs in the coordinate space, which do not contain superfluous knots. The calculated parameters of the deuteron are in good agreement with theoretical and experimental results. For DWFs in coordinate and momentum space it is calculated such polarization characteristics: the tensor polarization [179] (values t 20 (p), t 21 (p), t 22 (p)) in the range of 0-7 pulse fm −1 . The value of t 20 (p) for potentials Nijmegen group in good agreement with literature results for other potential nucleon-nucleon of models and with experimental data's. The results of the deuteron tensor polarization t ij (p) give some information about the electromagnetic structure of the deuteron. And when known tensor analyzing power it is possible to calculate the differential cross section of double scattering.
To solve the system of associated Schrödinger equations that describe the radial DWF u and w
parameterizations were proposed back in 1955 [28] :
They can be generalized for the DWF approximation as such analytical forms through Laguerre functions [28] :
A n ψ 3n (r),
where ψ 3n (r) -Laguerre functions (n=0,1,2,3,. . . ): The coefficients of analytical forms through Laguerre functions for the deuteron wave function in coordinate space for NijmI, NijmII, Nijm93, Reid93 and Argonne v18 potentials have been numerically calculated in [180] . Near the beginning of coordinates there are some small oscillations for DWFs, but despite of it designed static parameters well coincide with original values.
Parameterizations [28] and [163] can be generalized for the DWF approximation as such analytical forms:
Given N =11, search for an index of function of a degree r n has been carried out, appearing as a factor before the sums of exponential terms of the analytical form (11) . Best values appeared to be n=1.47 and n=1.01 for u(r) and w(r) accordingly. Hence, the factors before the sums in (11) can be chosen as r 3/2 and r 1 [181] :
Despite cumbersome and time-consuming calculations and minimizations of χ 2 (to the value smaller than 10 −7 ), it was necessary to approximate numerical values of DWF, the arrays of numbers of which made up 8394 values in an interval r=0-25 fm for potentials NijmI, NijmII, Nijm93 and Reid93 [15] , and 15002 values in an intervalr=0-15 fm for potential Argonne v18 [17] .
The accuracy of parametrization (12) is characterized by:
where n -the number of points of the array y i of the numerical values of DWF in the coordinate space; f -approximating function of u (or w) according to the formulas (2); a 1 ,a 2 ,. . . ,a p -parameters; p -the number of parameters (coefficients in the sums of formulas (12)). Hence, χ 2 is determined not only by the shape of the approximating function f , but also by the number of the selected parameters.
The approximation can be made on the whole interval, or divided into a few distinct sites: around the origin in the maximum and descending function. But this complicates further generalization for the form of the wave function.
Coefficients and DWFS (12) for NijmI, NijmII, Nijm93, Reid93 and Argonne v18 potentials it is resulted in works [182, 183] . A detailed comparison of the obtained values of t 20 (p) (the scattering angle θ=70 0 ) for these potentials with the up-to-date experimental data of JLAB t20 [184, 185] and BLAST [179, 186] collaborations. There is a good agreement is for the momentas p=1-4 fm −1 .
If we consider normalization (u 2 + w 2 )dr = 1 for DWFs (11), we can write this condition using the corresponding coefficients as In this paper it has been used parameterization (12) and it is made minimization of quantity of the designed coefficients. Dependence χ 2 from the number of expansion terms N is resulted in Tables 5 and 6 Fig. 3 . The coefficients of new analytical forms for DWF in coordinate space for NijmI, NijmII, Nijm93, Reid93 and Argonne v18 potentials have been numerically calculated (Tables 7-11 ). The obtained wave functions (Fig. 4 and 5) do not contain any superfluous knots.
Based on the known DWFs (12) and them coefficients (Tables 7-11 ) one can calculate the deuteron properties (Table 12) : deuteron radius r m , the quadrupole moment Q d ,the D-state probability P D and the magnetic moment µ d . They are in good agreement with the theoretical (Table 1 ) and experimental (Table 2) data. Parameterization in the form of (12) has been used and the number of expansion coefficients has been minimized. Dependence of χ 2 on the number of expansion terms N parameterization (12) 
